Abstract
Introduction
Osteosarcoma (OS) which usually occurred in children and adolescents is the most common primary malignant bone tumor [1] [2] [3] . Chemotherapy, such as cisplatin, doxorubicin and methotrexate is the preferred choice treatment for OS. In the past few decades, neoadjuvant chemotherapy has increased the long-term survival rate of osteosarcoma patients up to about 80% [4] [5] [6] . However, patients that are less responsive to these drugs have a poor prognosis but also with severe side effects. Therefore, exploring the novel treatment strategy for OS is urgently needed.
Parthenolide, a sesquiterpene lactone found in Tanacetum parthenium has recently attracted considerable attention because of its complex pharmacological action involving anti-microbial, anti-inflammatory, and anti-cancer effects [7] . Parthenolide induces cytotoxicity in many cancer cell lines without effect on normal tissues [8] [9] [10] . As to the effect of parthenolide on the OS cell and the underlying mechanisms is not still fully elucidated.
During the past decade, autophagy is a universal process whereby cellular components and damaged organelles are sequestered within autophagosomes for lysosomal degradation [11, 12] . Autophagy has proven to be an essential pathway for cellular homeostasis and now widely implicated in pathophysiological processes, including cancer [13] . A number of studies have demonstrated a critical role for autophagy in osteosarcoma development, therapy and drug resistance [14] [15] [16] . However, the underlying molecular mechanisms of autophagymediated chemotherapy resistance in osteosarcoma cells remain largely unknown.
In current study, we administrated osteosarcoma cell line with parthenolide and examined its biological effects in osteosarcoma cell line. Our results demonstrated that parthenolide robustly induce generation of reactive oxygen species, followed by a autophagydependent and caspase-independent form of death. These results provided new insight into the potential role of parthenolide in inducing autophagy but not apoptosis in human osteosarcoma cancer cells through ROS.
Materials and Methods

Reagents and antibodies
Parthenolide was supplied by Sigma-Aldrich. Stock solution of parthenolide was prepared in dimethyl sulfoxide (DMSO) and diluted to final concentration in the culture medium. All reagents were purchased from Sigma-Aldrich, except for z-VAD-fmk, which were supplied from Promega.
Cell culture
Saos-2 and MG-63 cells were purchased from ATCC, All these two cells were maintained under standard culture conditions (37℃, 5% CO 2 ) in culture medium recommended by ATCC.
CCK8 cell viability assays
Cells were seeded into a 96-well plate at 8×10 3 cells per well with 100 µl cultured medium and cultured at 37 ℃, 5% CO 2 . The cell viability was quantified as previous by addition 10 µl of cell counting kit (CCK8, Dojindo) [17] . After 1.5 hours incubation, the plates were monitored by Power Wave XS microplate reader (BIO-TEK) at an absorbance 450 nm.
Analysis of cleaved-caspase-3-positive cells by flow cytometry
Cells containing cleaved caspase-3 were examined using a cleaved caspase-3 (Asp175) antibody (Alexa Fluor 488 conjugate). Briefly, the cells were fixed in 2% formaldehyde for 10 min and then permeabilized in 90% methanol for 30 min on ice. After permeabilization, the cells were incubated in PBS containing the fluorochrome-conjugated antibody for 30 min at room temperature and then analyzed on the FACS can flow cytometer.
Flow cytometry cell apoptosis assays
The indicated cells (20 x10 
Measurement of fluorescent LC3 puncta
Imaging studies for GFP-LC3 in cells were performed as previously described. Briefly, Saos-2 cells cultured on coverslips were transduced with Ad-GFP-LC3. Two hours later, the culture media containing virus were replaced with fresh media. After the treatment, the cells were washed with PBS, fixed with 4% paraformaldehyde, and viewed under Leica TCS SP2 confocal laser scanning microscope. The number of GFP dots was determined by manual counting of fluorescent puncta.
Small interfering RNA (siRNA) transfection and treatments
The siRNAs were obtained from GenePharma, Inc, including siControl nontargeting pool and against human ATG5, PINK1 and Parkin. The following transfection process with Invitrogen RNAiMAX was according to the manufacturer's instructions. After 36 h treatment, cells were harvested for Western blot or cell death quantification.
RNA isolation and quantitative real-time PCR
Total RNA was purified from CCA and adjacent tissues or cells using TRIzol (Invitrogen) following the manufacturer's protocol. RNA (1µg) was reverse transcribed using SuperScript Reverse Transcriptase Ⅲ (Invitrogen). Quantitative real time PCR was performed using SYBR green Supermix (ABI) in ABI 7500 PCR system. Housekeeping gene GAPDH was used as an internal standard.
Western blots
Cells were lysed in WB/IP lysis buffer (P0013, Beyotime), all the procedures were following the manufacturer's protocol. Subsequently the cell lysates were boiled in 5X SDS-PAGE loading buffer for 10 min and then resolved by 8% SDS-PAGE and transferred to nitrocellulose membrane. The following antibodies were used in this study: LC3 (Sigma), Beclin 1 (CST), PINK1 (CST), Parkin (CST), GAPDH (Proteintech). Bound antibodies were visualized with the ECL kit (Thermo Scientific).
Statistical analysis
Statistical analysis was performed using Student's t test for comparison of two groups or one-way analysis of variance for comparison of more than two groups followed by Tukey's multiple comparison test. For multiple testing, a Bonferroni post hoc test of p values was done. Statistical calculations were performed using a software from GraphPad Prism (GraphPad, San Diego, CA, USA). Data were expressed as means ± SEM of at least three independent experiments. A p value < 0.05 was considered statistically significant.
Results
Parthenolide induces caspase-independent cell death in human osteosarcoma cancer cells
The dose dependence of the effect exerted by parthenolide on the viability of Saos-2 and MG-63 cells were performed. To this end cells we treated for various doses (0 -25 µM) of parthenolide or an apoptotic agent, 20 µM cisplatin (Cis), followed by the assessment of cell viability with CCK8 assay. Like cisplatin, parthenolide elicited a significant decrease in cell viability in Saos-2 and MG-63 cells (Fig. 1A) . Trypan blue exclusion assay showed that parthenolide increased cell death in dose-dependent manner (Fig. 1B) .
To examine the early events of apoptosis, Saos-2 and MG-63 cells were treated with cisplatin and parthenolide, and then analyzed by Annexin V/PI staining. The results shown that the percentage of Annexin V-FITC-positive cells in parthenolide-treated Saos-2 cells was much low compared with the Cis-treated cells ( Fig. 2A) , indicating that parthenolide induced little or no apoptosis in Saos-2 cells. This was confirmed by analyzing the level of cleaved caspase-3 (Fig. 2B) . To further determine whether Saos-2 and MG-63 cells death induced by parthenolide were caspase-independent, we examined the effect of the pancaspase inhibitor zVAD-fmk on parthenolide-induced cell death. Nevertheless, cell death induced by Cis was significantly blocked in Saos-2 and MG-63 cells, cell death induced by parthenolide was hardly affected by zVAD-fmk (Fig. 2C-2D ). So in conclusion these data indicate that, in 
Parthenolide induces mitophagy in human osteosarcoma cancer cells
Above results demonstrated that apoptosis did not involved in parthenolide induces osteosarcoma cancer cells death, then we examined whether and how programmed cell death type II, autophagy plays a role in parthenolide-induced cell death. Parthenolide treatment significantly increased the conversion of LC3-I to LC3-II, an established indicator of autophagy (Fig. 3B) . To further confirm the induction of autophagosomes by parthenolide, we transfected cells with adenovirus encoding GFP-LC3, in which the punctate staining pattern of GFP-LC3 was observed. The parthenolide treatment significantly increased the dots of GFP-LC3 (Fig. 3A) . Those results suggest that parthenolide induces autophagy in human osteosarcoma cancer cells. Of note, mitophagy as a selective form of autophagy induces autophagic clearance of dysfunctional mitochondria through specialized molecules to sense damaged mitochondria [19] . We next sought to determine the dynamic changes of PINK1/Parkin mediated mitophagy. As Figure 4B illustrated, the protein expression of PINK1 and Parkin in cytosol lysates increased with parthenolide treatment, which is counter to the expression in mitochondrial extraction. These results suggested that parthenolide stimulated PINK1/Parkin mediated mitophagy due to insufficient mitochondrial translocation of PINK1 and Parkin. In addition, co-localization of LC3 (GFP-LC3), a marker of autophagosomes and mitochondria (MitoTracker) was evaluated for detection of mitophagy. Quantification of co-localization showed that more mitochondria and autophagosomes were co-localized in parthenolide-treated MG-63 cells (Fig. 4C) , suggesting that mitophagy was induced under parthenolide treatment.
Parthenolide-induced cell death attributable to mitophagy
Real time PCR analysis and western blot analysis shown that autophagy related gene including Beclin 1 and Atg5 were significantly increased with parthenolide treatment in a time-dependent manner (Fig. 4A) . To verify autophagy and mitophagy is responsible for parthenolide-induced cell death, we silenced Atg5, PINK1 and Parkin separately by siRNA. and then cell death was evaluated. The percentage of cell death was also reduced in Atg5, PINK1 and Parkin knockdown Saos-2 and MG-63 cells, suggested that stimulated autophagy and mitophagy is involved in parthenolide-induced cell death (Fig. 4D) .
Parthenolide induces autophagy-mediated cell death via ROS generation
Many lines of evidence indicate that parthenolide induces oxidative stress by increasing production of ROS. To elucidate the mechanism of how parthenolide induces autophagy in osteosarcoma cancer cells. Then we examined the ROS level with DCF fluorescence by flow cytometry. Results showed that parthenolide could increase ROS generation in a time-dependent manner (Fig. 5A ). This increase was significantly attenuated when the osteosarcoma cancer cells were pretreated with the antioxidants NAC (data not shown). To determine the role of ROS in the process of parthenolide-induced autophagy. Further results showed that the NAC could attenuate parthenolide-afforded accumulation of LC3-II (Fig.  5B) . To further characterize the effect of antioxidants on parthenolide-induced autophagic cells death, we examined the effect of NAC on the parthenolide-induced cell death. Our data suggest that NAC could significantly block parthenolide-induced cell death (Fig. 5C ). Taken together, these results suggest that the generation of ROS induced by parthenolide plays an important role in the increase in autophagy followed by cell death.
Discussion
Parthenolide, the anti-inflammatory phytochemical, has been shown able to suppress tumor growth in many organs [4, 8, 9, 20] . In addition, parthenolide seems to synergically enhance chemotherapeutic efficiency when combination with Taxol or cisplatin to treat lung and gastric cancer cells [9, 21] . However, the signaling pathways underlying parthenolideinduced cell death have not been fully elucidated. In current study, we explored the biological effects of parthenolide in human osteosarcoma cancer cells and for the first time report that parthenolide induced a autophagy-dependent and caspase-independent form of death, which is through ROS generation. Our results shed the lights that parthenolide obtains the potential to be an agent for osteosarcoma cancer treatment.
Autophagy, an intracellular self-protective mechanism, not only prevents the toxic accumulation of damaged components but also recycles the degraded components to sustain metabolic homeostasis. Autophagy is involved in the promotion or inhibition of cancer cell death, which is dependent on the cellular context as well as the strength and duration of the stress stimuli [22, 23] . Blocking cancer cell autophagy is emerging as a novel approach to enhance the efficiency of chemotherapy in cancer treatment. Our data presented here demonstrated that induction of autophagy and mitophagy by parthenolide significantly causes cell death in OS cancer cells. Besides, we did not find any increase in caspase-3 cleavage during parthenolide treatment in Saos-2 and MG-63 cells.
Redox homeostasis is essential for maintenance of normal physiologic conditions but is aberrantly modulated in cancers, including OS [24] . ROS, as products of cell metabolism, play a beneficial or deleterious role in tumorigenesis and tumor suppression [25] . Recently, caspase-independent autophagic cell death has been reported to associate with alterations in ROS [26, 27] . Our results shown that ROS is significantly generated after parthenolide treatment and ROS scavenger NAC abolished parthenolide-induced autophagy stimulation followed by improved cell viability. Our study demonstrated that ROS generation was involved in parthenolide-induced caspase-independent autophagic cell death in OS cancer cells.
In conclusion, the present study has demonstrated that parthenolide as a potent agent in inducing autophagy in human OS cancer cells through a ROS-dependent pathway. Our study sheds new light on the mechanism by which parthenolide induced cell death of OS cell lines through caspase-independent mechanism.
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